Abstract-The
apparent motion of a change in the structure of a random check pattern is studied by spatially masking it with another noise pattern and it is compared with 4 motion. A fundamental difference with 4 motion is the insensitivity of second order correlators (Reichardt mechanisms) to this appareni motion. The following experimental characteristics distinguish this motion from J, motion: it induces no motion after-effect.
it is not transparent to another simultaneous motion. it is strongly influenced by spatial masking and it does not evoke optokinetic nystagmus.
A fourth order detector is introduced which is sensitive to this illusory motion as well as to I$ motion. Simulation experiments with this detector together with the subjective reports of the observers lead us to the conclusion that human subjects inadvertently treat the coarsest spatial structures as signal and the finest as the disturbing noise.
INTRODUCTION
Since the pioneering study of Wertheimer (1912) it has been commonly accepted that motion can be perceived even if there is no real continuous motion: two spatially separate points lit at different times appear as one point moving ftom one location to the other. The finding of units in the rabbit's retina which respond to both continuous and stepwise motion (Barlow and Levick, 1965) and the occurrence of optokinetic nystagmus in both cases (Morgan and Turnbull, 1978) support the idea that the visual system cannot discriminate between real continuous motion and motion in discrete spatial jumps. For small spatial and temporal separations this is obviously true because of the limited spatio-temporal resolution of the eye. The eye's inability to discriminate between these two is the reason why motion perception is often investigated by means of stimuli moving in jumps. A fruitful stimulus is a random dot pattern which is shifted over one or more dot-size distances in discrete time steps. The stimulus is kept at the same location by omitting a column of dots at the side to which the motion is directed and by adding a new random column at the other side. The advantages of this kind of stimulus are that the moving object has no particular structure and that the sensitivity of the human visual system to this motion can be measured by adding uncorrelated dots (noise) to the stimulus (van Doorn and Koenderink, 1982) . Moreover, the target extent is an easily controllable parameter.
In these experiments the detection of motion can be explained in terms of an ensemble of detectors of the Reichardt type (1961) which correlate an illuminance in position x at time t with an illuminance in x + dx at time I + dr. The quotient dx/dt defines the speed to which the detector is tuned. It is possible, however, to elicit motion with random dot patterns that are not displaced versions of one another. Two random patterns at different locations replaced by new, uncorrelated patterns at different times give the illusion of motion from the pattern that is changed first to the one changed last, although in fact in this stimulus there is nothing that is now here and then there, This effect was mentioned by Sperling (1976) . Because of the lack of correlation between the patterns involved the Reichardt detectors are insensitive to this stimulus and therefore cannot form the underlying mechanism for the perception of motion in this case. The fact that in this stimulus nothing moves at all, in the sense that no spatio-temporal correlation exists, has motivated us to investigate this effect further.
EXPERIMENT A "check" is formed by a square array of contiguous white pixels. The '*density" of the checks is equal to the probability of a check and thus it is a measure of the part of the screen that is filled by the checks. A random pattern of such checks is presented on an HP 1321 A monitor screen with P4 phosphor (a square array of 256 x 256 pixels) and viewed from a distance of 4m. The subjects used their left eye and an artificial pupil with a diameter of 2.9 mm. With a fully white screen the retinal illuminance is 46 td. The subjects are male, experienced observers aged about 25. E.M. has normal vision whereas A.L. uses a correcting lens (-3.5 D) .
The pattern is divided into 4 vertical bars each 4' high and I" wide. The pattern in each bar is replaced by a new uncorrelated one according to the scheme in Fig. 1 .
The slope of the curves is 15"/sec. These patterns, referred to as PI, are masked by the superposition of another pattern (P2) which subtends the total field and is replaced every 67 msec, synchronously with the alterations in PI [masking by visual noise (Kahnemann, 1968) ]. This superposition is a logical inclusive "OR": a pixel will be displayed white when
